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My related background/efforts

wMostly residential

¢ Field testing and repair for utility programs and
research (CAC, ASHP, GSHP since 1992)

¢ RESNET (Home energy rating): GSHP pumping/f
energy documentation and defaults (~2010)

¢ Designing/supporting efficiency programs with
savings estimates, building science, modeling,
training, etc. since 1990
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Current Work, Heat Pump Relatec
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w Codes and Standards

¢ Load based lab test and rating procedure for ASHP:
Canadian Standards Association (CSA)

w Consulting to utilities, state & federal agencies

¢ Program design, savings estimates, technical
evaluation, sizing and installation guidance

w Program implementation
¢ Including monitoring / measurement, analysis

w Design review, diagnostics/repair
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HVAC kWh and Tout (my house)

HVAC 10/1/12 0:00 to 4/29/13 0:00, 210 days
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Resistance Heat, ASHP

Comparison
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Outline

wWhat explains deviationfWHY
¢ Between ratings and theld performance?

wWhat can be doneAYHAT

¢ Reduce deviations
¢ Drive [appropriate] market growth

wHow can the region work together?iQW

¢ Supportimprovements to rating methodologies
across RHC technologies
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Heat Pump Terms

w CAC: Central air conditioner
wASHP: Air source heat pump
w GSHP: Ground source heat pump
¢! faz 1y26y Fa a3IS20KSNXYI
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= Energy delivered / energy input (like units); 1 = 1009

wHSPF:. Heating Season Performance Factor
= (delivered btu / input watt) ~ (COP x 3.41)
¢ DOE lab test and rating, simplified model
¢ 2 outdoor temperatures, one climate, fixed speeds
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All models are wrong,

but some are useful.

- George Box, famous
statistician (19122013)
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Field Studieg a few highlights

w1990s, Ecotope (WA):

¢ Heat pumps: more energy than resistance heating
¢ Big losses in ductwork, other installation issues

w2003 (Ecotope, ductless heat pumps):
C 14 electric heat homes retrofitted, 1 zone DHP
¢ Saved average of 40% (range was very wide)
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Recent Studies

wBuilding Science Corp (Building America) 201
¢ Long term monitoring in 8 los@nergy homes
¢ Predictable issues with indoor distribution
¢. A3 A &adzS dedpsetbacki2pgor & T
wSteven Winter (Building America) 2015:
¢ Measured 7 minsplits retrofitted in homes
¢ COP range from 1.42.3

¢ Issuesiow air flow, high inlet temperature, poor
Integration with central heat
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Recent Studies

w Cadmus 2016 MA/RA impact evaluation:

¢ Operating hours much lower than expected (only
running 1927% of the time in winter)

¢ Efficiencies somewhat lower than ratings
¢ Net result: savings pretty small

w Issueslack of use (many installed w/AC focus)
¢ Needbetter controls/thermostat placement
¢ Multi-zone had lower efficiency

w Cadmus 2017 Vermont

¢ Higher utilization, better efficiency and savings
¢ Still somewhat below expectations
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WHY
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and field performance?
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WHY?

w Low utilization
ct S2LIX S R2y QiU O2z2yaAiraidaSy
¢ Controls often favor central heating in retrofit
wInflated ratings
¢ Test procedures based on decadasd technology

wInternal algorithms not optimal
¢ E.g., cycling at abovainimum speeds,
¢ lgnored in rating procedures
wOversizing; especially multzone
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My Heat Pump

wBefore and after firmware adjustment, 2018
¢ An example of why this matters
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WHAT
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and drive growth?
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WHAT?

wProvide better metrics / ratings
¢ To compare systems to each other
¢ To assist designers with consistent info

wCraft those metrics to reflect reality
¢ Capture/reveal inefficient operating modes
C Be responsive to climate variations

wProvide consistent signals to marketplace
¢ Rewarding good performance in a relevant way
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CSA Test Procedure Developmen

wWorking group hosted by CSA, established 2015

w Comprised of Canadian, US members:

¢ Canadian utilities (Chair: Gary HangdsC Hydro)

¢ Natural Resources CanaddRCap/ CanMetEnergy

¢ Northwest Energy Efficiency Alliance (NEEA)

¢ Pacific Gas and Electric (PG&E)

¢ Electric Power Research Institute (EPRI)
wtlad8]1SR 02 RS@OSt2L) I [ {

¢ Not full ANSI process, but similastandards language
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EXPO7 Development Objectives

wResponse to stakeholder needs:
¢ Realistic rating for variable speed equipment

¢ Seasonal efficiency for heating & cooling reported
for a range of climate zones ih US/Canada!)

¢ Detalled data for hourly computer simulation

wVoluntary testc not intended as regulation

¢ Marketplace differentiation of higiperformance
products

¢ E.g. market support via qualified product lists
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EXFO7 Scope

wSingle stage, multiple stage, and variable
speed heat pumps and air conditioners

wResidentialequipment sizes <65,000 Btu/h
wDucted/ductless (including central ducted)

wAIr-to air, single zone
¢ Multi-zone, airto-water, VRF are planned

wUse dynamic, load based test rather than fixe
aLISSRYARSAI
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Stakeholder Needs

wClimate sensitivity

¢ For heating and cooling performance

¢! fft2ga F2NJ Odzald2YAIl SR
wlnclude standby energy

¢ Can be significant in shoulder seasons

wDOE rating: HSPF Is not representative
¢ Based on two data points and one climate profile
¢ Cannot provide accurate heating kWh estimates
¢ Meaningful product comparisons impossible
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DOE Climate Regions

(only used for heat pump ratings)

Figure 2 Heating Load Hours (HLH,) for the United States
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VI (marine‘ _
V + ?? (Undefined for Canada)

wCan only use Region IV (pink) to report HSPF
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CSA Climate Zone Assignments
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Conventional (DOE) Heating Te& points
extrapolated to wide range of condition
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CSA Teshpproach: Multiple points
Match loads with outdoor conditions
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DOE Test: Locked Test Mode

wFixed fan and compressor speeds
¢ High fan speeds, not available in normal operatior
¢ This increases ratings but not real performance

wW52Say Qi AoddxfctaR Shalid@ &

wal ydzZF I OU0 dzZNBENXRa (SOKY )
and monitor testing using proprietary test
modes
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Dynamic Load Based Testing

w Indoor room has a simulated load
c[2FR Aad AAYLI2aSREé 0é& AYF
equipment, programmed to mimic load
¢ Load varies based on outdoor conditions
¢ Includes dynamic moisture load for humid/cooling
COldzA LIYSY U dzy RSNJ G4Said Aya
Instruction manual

w Onboard controls govern fan, cycling, defrost an
latent removal in single test procedure
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CSA Test, Manuf. data, AHRI valu

w Test COPs match manufacturer engineering data fairly well

w AHRI shown for illustration purposes
(From published values at 17/4@0t including defrost, ()
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HOW

X OFyYy GKS toygha?h 2y 6 2 NJ

Bruce Harley Energy Consulting, LLC



HOW?

wSupport improvements to rating
methodologies across RHC technologies

wSupport and encourage use of lehdsed
testing, voluntary rating/metrics
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Other efforts: NEEP

wSizing/selection guide and installation guide

WY SSLIP2NHS GLYAUGAI OA QD
CAir-Source Heat Pump Installer Resougces
link on right side

w! f aGMHE Cliate Air Source Heat Pump
link at right to cold climate list

w' LJRIFdGSa O2YAYy3I AY HN
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http://neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-source-heat-pump-installer-resources
http://neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump

™

Sizing and Selecting Guide ep

Application
Sheets



